
% Office I 





INVESTOR IN PEOPLE 



The Patent Office 
Concept House 
Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



I, the undersigned, being an officer duly authorised in accordance with Section 74(1) and (4) of 
the Deregulation & Contracting Out Act 1994, to sign and issue certificates on behalf of the 
Comptroller-General, hereby certify that annexed hereto is a true copy of the documents as 
originally filed in connection with the patent application identified therein. 



hi accordance with the Patents (Companies Re-registration) Rules 1982, if a company named in 
this certificate and any accompanying documents has re-registered under the Companies Act 
1 980 with the same name as that with which it was registered immediately before re-registration 
save for the substitution as, or inclusion as, the last part of the name of the words "public limited 
company" or their equivalents in Welsh, references to the name of the company in this certificate 
and any accompanying documents shall be treated as references to the name with which it is so 
re-registered. 



In accordance with the rules, the words "public limited company" may be replaced by p 1 c pic 
P.L.C. or PLC. ' ' 9 



Re-registration under the Companies Act does not constitute a new legal entity but merely 
subjecjgjjie company to certain additional company law rules. 





Signed 



Dated 17 January 2005 



An Executive Agency of the Department of Trade and Industry 



atents Form 1/77 



Patents Act 1977 
(Rule 16) % 



I Office I 



Request for grant of a patent 

(See the notes on the back of this form. You con also get an 
explanatory leaflet from the Patent Office to help you Gil in 
this form) 



THE PATENT OFFICE 

J 

l 6 JUM 2004 
NEWPORT 



1 . Your reference 



DCS/P02228UK 



2. Patent application number 

(The Patent Office will 511 in this part) 



3. Full name, address and postcode of the or of 
each applicant (underline all surnames) 

Patents ADP number (ifyoulmowit) 

If the applicant is a corporate body, give the 
country/state of its incorporation 



Surface Generation Ltd 

8 Orton Enterprise Centre 

Bakewell Road, Orton 

Southgate 

Peterborough 

PE2 6XU 

England 



4. Title of the invention 



Improved Tooling System 



16JUN04 E903866-4 D00291 

POI/7700 0.00-0413387.2 ACCOUNT CHA 

The Patent Office 

Cardiff Road 
Newport 
South Wales 
NP10 8QQ 



0413387.2 



5. Name of your agent (if you have one) 

"Address for service" in the United Kingdom 
to which all correspondence should be sent 

(including the postcode) 



Lewis & Taylor 
144 New Walk 
Leicester* 
LEI 7AJ 



711002 



Patents ADP number (if you know it) 



6. 



If you are declaring priority from one or more 
earlier patent applications, give the country 
and the date of filing of the or of each of these 
earlier applications and (if you know it) the or 
each application number 



Country 



Priority application number 
(if you know it) 



Date of filing 
(da y /month /year) 



7. If this application is divided or otherwise 
derived from an earlier UK application, 
give the number and the filing date of 
the earlier application 



Number of earlier application 



Date of filing 
(day /month /year) 




h a statement of inventorship and of right 
to grant of a patent required in support of 
this request? (Answer 'Yes' if: - 

a) any applicant named in part 3 is not an inventor, or 

b) there is an inventor who is not named as an 
applicant, or 

c) any named applicant is a corporate body 
See note (d)) 



yes 



Patents Form 1/77 



Patents Form 1/77 



9. Enter the number of sheets for any of the 
following items you are filing with this form. 
Do not count copies of the same document 



Continuation sheets of this form 



Description 



10 



Abstract 



Claims 



3 




Drawing^ 



12^* I 



10. If you are also filing any of the following, 
state how many against each item. 

Priority documents 



Translations of priority documents 

Statement of inventorship and right 
to grant of a patent (Patents Form 7/77) 

Request for preliminary examination 
and search (Patents Form 9/77) 

Request for substantive examination 

(Patents Form 10/77) 



12. Name and daytime telephone number of 

person to contact in the United Kingdom Diana C Stagg 0116 233 8181 



Warning 

After an application for a patent has been Hied, the Comptroller of the Patent Office will consider whether publication 
or communication of the invention should be prohibited or restricted under Section 22 of the Patents Act 1977. You 
will be informed if it is necessary to prohibit or restrict your invention in this way. Furthermore, if you live in the 
United Kingdom, Section 23 of the Patents Act 1977 stops you from applying for a patent abroad without first getting 
written permission from the Patent Office unless an application has been hied at least 6 weeks beforehand in the 
United Kingdom for a patent for the same invention and either no direction prohibiting publication or 
communication has been given, or any such direction has been revoked. 

Notes 

a) If you need help to fill in this form or you have any questions, please contact the Patent Office on 08459 500505. 

b) Write your answers in capital letters using black ink or you may type them. 

c) If there is not enough space for all the relevant details on any part of this form, please continue on a separate 
sheet of paper and write "see continuation sheet" in the relevant part(s). Any continuation sheet should be 
attached to this form. 

d) If you ha ve answered Yes ' Patents Form 7/77 will need to be filed. 

e) Once you have Riled in the form you must remember to sign and date it 

f) For details of the fee and ways to pay please contact the Patent Office. 



Any other documents 

(please specify) 



11. 



I/We request the grant of a patent on the basis of this application. 




Date 
15 June 2004 



Patents Form 1/77 



P02228UK 20040615 SpsasFiled.wpd 

Title: Improved Tooling System 



1 



5 



The present invention relates to an improved component for use in a tooling system, and to an 
improved tooling system including this component. 

The improved component is particularly suitable for use in the tooling systems described and 
claimed in Memational Patent Application No. WO 02/064308. 



• International Patent Application No. WO 02/064308 describes and claims a tooling system 
comprising aplurality of elements arranged in an array each elementbeingmoveable longitudinally 
relative to the other elements in the array and having a first end, the system further comprising 
means to adjust the relative longitudinal positions of the elements such that the free ends of the 
10 elements define approximately a desired surface contour and means for retaining the elements in 
their adjusted positions, characterised in that: the first end of each element is provided on a 
machinableportionremovably mounted to abaseportion, the arrangementbeingsuchlhat the free 
ends of the elements can be machined to produce the desired surface contour. 

IntemationalPatent ApplicationNo. WO 02/064308 further describes and claims atooling system 
15 comprising aplurality of elements arranged in an array, the elements of the array being movable 
betweenaclosedpositionin which the elements contact one another and are securedinposition, 
and an open position in which the elements of the array are spaced apart and are capable of vertical 
movement relative to one another, and drive means for opening and closing the array. The elements 
are mounted on support rails to form the array. 

« 

20 Itis an object ofme present mvention to provide a device for retainmgth^ elements of anarray of 

• ■ 

this type relative to one another, in order to provide an improved surface contour. 

■ 

The present invention provides atooling system winch comprises aplurality of elements arranged 

» — 

in an array, the elements of the array being movable between a closed position in which the 
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elements contact one another and are secured in position, and an open position in which the 
elements of the array are spaced apart and are capable of vertical movement relative to one 
another, characterised in that the tooling system further comprises bolster means provided to align 
the elements during closing of the airay and to hold the elements of the array securely in the closed 
and aligned position. 

In a preferred embodiment of the tooling system according to the invention, the bolster means has 
an element contacting face which is adapted selectively to apply localised pressure to one or more 
elements of the array. 

The pressure may for example be applied mechanically, hydraulically or pneumatically. 

The elements of the array are preferably substantially polygonal, for example triangular, rectangular 
or pentagonal, in cross-section and are preferably arranged so that, in the closed position of the 
array, the major axes of adjacent elements are aligned and their vertices touch one another, so that 
the elements of the array tessellate. 

* 

In a preferred embodiment of the tooling system according to the invention, the array is substantially 
rectangular in plan view and bolster means are provided on the four sides of the rectangle, the 
bolster means on at least two adjacent sides of the rectangular array having element contacting faces 
which are adapted selectively to apply localised pressure to one or more elements of the array. 

In an alternative preferred embodiment of the tooling system according to the invention, where the 
array elements are substantially rectangular in cross-section and are arranged so that, in the closed 
position of the array, the major axes of adjacent elements are aligned and their vertices touch one 
another, so that the elements of the array tessellate, the array is substantially diamond shaped in plan 
view so that the outer edges are straight. Bolster means are provided on the four sides of the 
diamond, comprising bolster elements with substantially planar element-contacting feces. This has 
the advantage that the bolsters are less complex and lighter in weight, and hence cheaper to 
manufacture. 
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In an alternative preferred embodiment of the tooling system according to me invention, the array 
inplan viewhas oneormore curvedsides. Inparticular, me arraymaybe substantially circular or 
oval in plan view. 

* 

Where the array in plan view has one or more curved sides, the bolster means is preferably a 
5 flexible strap provided with tightening and securing means. 

Further, where the array in plan view has one or more curved sides, at least some of the array 
elements arranged atmeperiphery of the array may have a side face or adjacent side faces adapted 
to conform to the profile adopted by the strap bolster when tightened, along at least part of the 
height or length of the element. The array elements with one or more adapted side faces are 
1 0 preferably not elements which are to be machined. 

maparticularlyprefexred embodiment of thetooling system accordingto the invention, the array 
is substantially rectangular in plan view and bolster means having element contacting faces which 
are adapted selectively to apply localised pressure to one or more elements of the array are 
provided on all four sides of the rectangular array. 

■ 

15 In such an arrangement, the outer edges of the rectangular array are serrated and the bolster means 
preferably has a correspondingly serrated face. In apreferred embodiment of me tooling system 
according to the invention, the face of the bolster means contacting the array is formed from a 
plurality of teeth, at least some of which teeth are adjustable in order selectively to apply localised 
pressure to one or more elements of the array, inline wimthe sides ofthe elements. The teeth are 

20 preferably also individually adjustable in height relative to one another. 

Theelemmtcontactmgfaceispreferablyformedwimasmoomfa^ 

between the element contacting face and the element, when pressure is appliedparallel to the sides 
ofthe elements, to allow pressure from the perpendicular bolster teeth to align elements in that 

- 

direction also. 
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# 

Each side of the bolster means maybe formed of two or more separate component sections, so 
that one or more component sections maybe moved to allow opening and adjustment of apart of 
the array, while maintaining the remainder of the array secured in the closed position. 

The component sections may be moveable simply by lifting the sections away from the elements 

» 

of the array. Alternatively, the component sections maybe mounted pivotally or slidably on a 
chassis of the tooling system, for pivoting or sliding into and out of engagement with the array 
elements. 

la a preferred embodiment of the tooling system according to the invention, the bolster means may 
comprise two sets ofbolsters, the first of which is used during machining of the elements of the 
tooling system and the second of which is used when the elements of the array have been machined 
and the system is being used as amould. The use of two sets ofbolsters provides advantages in 
both cost and weight saving, as the second set ofbolsters is both simpler and lighter in weight than 
the first set. 

The tooling system preferably further comprises means for securing the second set ofbolster means 
in position around the array of elements, for example apallet strap, whichmay be carbon fibre, 
steel or nylon. 

hi order to provide added strength and rigidity to the tooling system, the tooling system preferably 
comprises an array of tie bars, which tie bar function maybe provided by the cross rails of the 

tooling system or by additional tie bars running between the threaded supports of the array elements 

* 

and bolted through the bolsters or the chassis of the tooling system. Where the tie bars or cross rails 
are bolted through the bolsters, this has the advantage that the assembled array held in positionby 
the tied bolsters may be lifted as a unit and transferred to a different location as required. 

4 

Alternatively, one or more hoop straps may be provided, for threading between the threaded 
supports of the array elements. 
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m * ■ 

The bolster means are preferably modular in design, so that individual bolster sides interlock with 
one another to form larger units. 

The -tooling system preferably further comprises vibrating means, so that the bolster sides canbe 
vibrated to assist inbedding down Ihe elements of the array: Alternatively or additionally, means 
5 may be provided to vibrate the individual array elements or rows of array elements against the 

» 

bolster to assist in alignment thereof. 

The tooling system preferably further comprises sensors to detect and measure the forces applied 
to the elements of the array and /or to detect any movement. 

The present invention further comprises a method of operating a tooling system which comprises 
1 0 aplurality of elements arranged in an array, the elements of the array being movable between a 
closedpositionin which the elements contact one another and are secured inposition, and an open 
position in which the elements of the array are spaced apart and are capable of vertical movement 
relative to one another, which tooling system further comprises bolster means provided to align the 
elements during closing of the array and to hold the elements of the array securely in the closed and 
i 5 aligned position, characterised in that the method of operation includes the step of correcting any 
inter-row or inter-array element misalignment by separating the rows of array elements, aligning the 
first row of array elements relative to an element of the bolster, moving a target row comprising the 
adjacent row of array elements into alignment with the first row while vibrating the array elements 
in the target row and repeating this procedure with successive rows until all of the array elements 
20 are correctly aligned. 

An embodiment of a tooling system according to the invention will now b e described with reference 
to the accompanying drawings, in which 

Figure 1 is a view of a machine layout; 

Figure 2 is a plan view of a first embodiment of an element array; 
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Figure 3 is a perspective view of the element array of Figure 2; 
Figure 4 is a view of a bolster side; 

* 

Figure 5 is a view of a part of the bolster of Figure 4 and 

* * 

Figures 5 (a); 5(b) and 5(c) are sections on the line V-V of the bolster part of Figure 5; 

5 Figure 6 is a plan view of a second embodiment of an element array; 

Figure 7 is a plan view of a third embodiment of an element array; 

Figure 8 is a plan view of a fourth embodiment of an element array, 

Figure 9 is a plan view of a fifth embodiment of an element array; 

Figure 1 0 is a plan view of a sixth embodiment of an element array; . 

10 Figure 1 1 is a plan view of a seventh embodiment of an element array; 

Figure 12 is apian view of a eighth embodiment of an element array; 

Figure 13 is a partial side view of a first alternative embodiment of a tooling system; 

Figure 14 is a partial side view of a second alternative embodiment of a tooling system; 

• ■ 

Figure 15 is a side view of a tooling system provided with tie bars; 
15 Figure 16 is apian view of a tooling system of Figure 15; 
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Figure 17 is a plan view of an alternative tooling system of Figure 15; 



Figure 1 8 is a plan view of a tooling system provided with hoop straps; 

Figure 1 9 is a side view of a tooling system with a free standing bolster shown in position in the 
tooling system; 

5 Figure 20 is a side view of the free standing bolster ofFigure 19 removed from the tooling system 
and 

Figures 2 1 (a) ; Figure 2 1 (b) and Figure 2 1 (c) show steps in the procedure for the correction of 
misalignment of one or more array elements. 

As can be seen from Figure 1, a tooling system shown generally at 10 comprises a support table 
10 2 on which is located abridge 4, comprising ahorizontal span 6 supported by first and second 
vertical supports 8,12. The horizontal span 6 supports an adjustment mechanism 14 and a 
machining tool 16. 

The system 1 0 further comprises a consumable module 20 comprising array elements 24 supported 
on cross rails 22, which are themselves supported on a chassis (not shown) on the support table 

« 

15-2. 

Each of the elements 24 terminates in a threaded supportpost 25 which engages with an internally 

* 

threaded aperture (not shown) in the cross rail 22. 

First arid second side arms 26, 28 extend from the first and second vertical supports 8, 12 
respectively, and terminate in retractable pegs 30, 32 adapted to engage with recesses in the ends 
20 of the cross rails 22. 
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The elements 24 are arranged in an array, as shown in Figures 2 and 3 and are held in place by f( 
bolsters 34, 36, 38 and 40. The elements 24 are orientated at -45° and +45°. 



our 



The machining tool shown generally at 1 6 comprises a spindle 42 and a tool head 44 mounted on 
the spindle 42. 



5 The tool further comprises drive means (not shown) for locating and driving the tool head 44 
the spindle 42. 



via 



10 



The adjusting mechanism shown generally at 14 comprises an adjustment fork 46 mounted on a 
hydraulic cylinder 48 and provided with a rotating drive (not shown). 

The adjustment fork 46 comprises a square headportion 49 from which depend four tines 50, 52, 
54 and 56, one tine depending from each of the four comers of the square head portion 49. 

As can be seen from Figures 2, 3 and 4, the consumable module 20 comprises an array of elements 
24 constrained by four bolster elements 34, 36, 38 and 40. Each of the bolster elements 34, 36, 
3 8 and 40 comprises a back plate 62 on which are mounted an array of wedge shaped teeth 64 
forming a serrated face. 



15 As can be seen more clearly from Figure 4, abolster element shown generally at 34 includes an 
arrayof teeth 64. Each of the teeth 64 comprises a housing 66 on each of two faces of which is 
mounted a contact plate 68. 



As canbe seenmore clearly from Figures 5(a); 5(b) and 5(c), which are sections through thetooth 
64 on the lineV-V.ofFigure 5, showing different stages of the application of mechanical pressure, 
20 each of the contact plates 68 is supported by three rollers 70, 72 and 74 which extend across the 

« 

length of the housing 66. The rollers are supported in V-shaped grooves 76,78 and 80 formed in 
a support bar 82 which canbe driven longitudinally along the length of thetooth 64. As the support 
bar* 82 is driven along the tooth 64 in the direction of the arrows shown in Figures 5(b) and 5(c), 
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the rollers 70, 72 and 74 rotate in the respective V-shaped grooves 76,78 and 80 and are 
displacedrelauvetothelongitudMaxisoffliesupportbarSl. Asthe rollers 70, 72 and 74 rotate 
in the grooves 76,78 and 80, the contact plate 68 is displaced and the pressure applied to the 
adjacent elementis increased. As the supportbar 82 is driven in the opposite direction, the apphed 
5 pressure is reduced. 

muse, the tooling system is assembled withthe elements of the array in the closed and aligned 
position, usingmebolstermeanstocl^ 

the array either b efore or after adjusting and machining the elements of the array as described in 
International Patent ApphcationNo. WO 02/064308, it is necessary first to ensure thatthe edges 
of the elements are all aligned; any misafignment canbe correctedby applying localised pressure 
as required. When the desired surface contourhas been obtained, thebolster elements 34, 36, 38 
and 40 may b e removed, preferably one at a t^^^ 

inexpensive and lighter weightbolster elements, for example bolster elements of a similar designbut 
without teeth having the specific design features described in Figures 4 and 5 . 



10 



15 



As canbe seen from Figure 6, array elements 624 are arranged in an array and are held in place 
by fourbolsters 634; 636; 638 and 640. The elements 624 andbolster 634, 636, 638 and640 are 
orientated at -45° and +45° and the plan of the array is substantially diamond shaped. 

■ 

♦ 

Alternative arrangements of array elements are shown in Figures 7 to 12; in each of these 
alternative arrays, at least part of the periphery of the array andbolster is curvilinear. The array 
20 elements 724; 824; 924; 1024; 1 124 Or 1224 are arranged in an array which is secured by a 
bolster in the form of a flexible restiaining strap 734; 834; 934;1034;1134 or 1234. 

As is shown m Figures 8 to 1 2, at le^ 
!S pectivelypositionedon1heperiphery of the array have one or more adjacent side facesprofiled 
shown at 810; 910 or 1010 by way of example to conform to the profile adopted by the 
25 securingstrap834;934; 1034; 1134or 123 4 when me strap is tightened and to direct the clamp 
force of the securing strap 834; 934; 1034; 1134 or 1234. 



re: 
as 
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Alternative arrangement 

elements are shown in Figures 13 and 14. IhFigure 13, abolster element 1334is shownmounted 
onahorizontalpivotaxis 1320. Thebolster element 1334 canbepivotedin and out of engagement 
with the adjacent array element 1324, to aUow for adjustment of this element. InFigure 14, a 
bolster elementl434mountedonaslidel420 is shown in a first engagement position 1434a and 

asecoriddisengagementposition 1434b. Thebolster element 1434 canbe slid between lie two 
positions as required. 



InmetoolingsystemshowninFigurel5,tiebars 1520 and cross rails 1522 are shown bolted to 
mebokter elements 1534 and 1538. Tte^^ 
) shown in Figure 1 6 or horizontally in as shown in Figure 1 7. 

The arrangement ofhoop straps 1 820 threaded between the supportbars of the array elements 
1824showninFigure 18 provides a furu^er alternative arrangement for ^ 
the array. The hoop strap arrangement may be used alone or in combination with the alternate ' 
bolster or tie bars of Figures 15 to 17. 

AscanbeseenfromFigure 19, an assembly 1910 comprises apluraliry of array elements 1924 
securedbybolster elements 1934 and 1938. The bolster elements 1934, 1938 are tied together 
by cross rails 1 922 and / or tie bars or hoops bolted through the bolster elements, so that the 
assembly can be lifted from the chassis as shown in Figure 20. 

Figures21(a); 21(b) and21(c) showm^^^ 

rmsaHgnmentofanayelements2124.AsisshownmFigure21(a),arowof^ 
mcludingmisaligned elements is, in a first step, moved away from engagement with the correctly 

aHgnedarrayelements2124aorbolster2134.AsmerpwofrmsaUgnedelemente 
mto engagement wim me corre^ 

21(b), theyare vibrated andasthey engage with the correctly aligned elements as shown in figure 
21(c), the misalignment is corrected. 
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Claims 



11 



1 . A tooling system which comprises a plurality of elements arranged in an array, the elements 
of the array being movable between a closed position in which the elements contact one another 
and are secured in position, and an open position in which the elements of the array are spaced 

5 apart and are capable of vertical movement relative to one another, characterised in that the tooling 
system further comprises bolster means provided to hold the elements of the array securely in the 
closed position. 

» 

2. A tooling system according to claim 1 characterised in that the bolster means has an 
element contacting face which is adapted selectively to apply localised pressure to one or more 

1 0 elements of the array. 

* 

3 . A tooling system according to claim 1 or claim 2 characterised in that the elements of the£ 
array are substantially polygonal in cross section. 

4. A tooling system according to claim 3 characterised in that the elements of the array are 
substantially triangular, rectangular or pentagonal in cross-section. 

15 5 . A tooling system according to claim 3 or claim 4 characterised in that the elements of the 
array are arranged so that, in the closed position of the array, the major axes of adj acent elements 
are aligned and their vertices touch one another, so that the elements of the array tessellate. 

6. A tooling system according to any of claims 1 to 5 characterised in that the array is 
substantially rectangular in plan view and bolster means are provided on at least two adjacent sides 

20 of the rebtangular array. 

7. A tooling system according to claim 6 ch^ 

all four sides of the rectangular array. ' - 



5 
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* 

8. A tooling system according to claim 7 characterised in that the outer edges of the 
rectangular array are serrated and the bolster means has a correspondingly serrated face. 

9.. A tooling system according to claim 8 characterised in that the face of the bolster means 
contacting the array is formed from aplurality of teeth, at least some of which teeth are adjustable 
mordertoapplylocalisedpressuresel^ 
sides of the elements. 



10. Atoolmg system accordmg to claims individually 
adjustable in height relative to one another. 



11. Atooling system accordingto any of claims 1 to 10 characterised in that the bolster means 
1 0 comprise two sets ofbolsters, the first of which is used during machining of the elements of the 
tooling system and the second of which is used when the elements of the array have been machined 

* 

and the system is being used as a mould. 



12. A tooling system according to any of claims 1 to 10 characterised in that at least one of the 
bolster means is formed of two or more separate component sections, so that one or more 

1 5 component sections maybe removed to allow opening and adjustment of apart of the array, while 
maintaining the remainder of the array secured in the closed position. 

-r 

13. A tooling system according to any of claims 1 to 12 characterised in that the bolster means 
are modular in design, so that individual bolster sides interlock with one another to form larger units. 

14. A tooling system according to any of claims 1 to 1 3 characterised in that it further 
20 comprises vibrating means, so that the bolster sides can be vibrated to assist in bedding down the 

elements of the array. 



P02228UK 20040615 SpsDasFUed.wpd 

15. A tooling system according to any of claims 1 to 14 characterised in that it further 
comprises sensors to detect and measure the forces applied to the elements of the array and /or 
to detect any movement 

... -r _ • ' 

16. A tooling system according to any of claims 1 to 15 characterised in that it further 
5 comprises means for securing the bolster means in position around the array of elements. 

17. A tooling system substantially as herein described and with reference to the accompanying 
drawings. 
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